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• Synthesis and data of monomer M4.
1-Ethyl-3-(3-dimethylaminopropyl) carbodiimide (EDC, 1.350 g, 1.2 equiv), hydroxybenzotriazole (HOBt, 1.400 g, 1.2 equiv), 2-ethynylbenzoic acid (1.700 g, 1.2 equiv) and diisopropyltriethylamine (DIPEA, 1 mL, 2.0 equiv) were dissolved in 70 mL of CH 2 Cl 2 , and the mixture was stirred for 15 min to activate the acid. Then, methyl L-alaninate (1.151 g, 1.0 equiv) was added, and the reaction mixture was stirred overnight. The organic layer was washed with HCl 1M, saturated solution of NaHCO 3 and brine. The combined organic layers were dried over anhyd Na 2 SO 4 , filtered and the solvent was evaporated at reduced pressure. The crude product was chromatographed on silica gel (70-230 mesh) with hexane/ethyl acetate (7/3) as eluent and 2.112 g (82%) of M4 were obtained.
Spectroscopic data: 1 
Synthesis of polymers
The polymers were synthesized in a reaction flask (sealed ampoule) that was dried under vacuum and argon flushed for three times before the monomers were added as a solid. Then, the flask was evacuated on a vacuum line and flushed with dry argon (three times). Dry THF was added with a syringe. A solution of rhodium norbornadiene chloride dimer, [Rh(nbd)Cl] 2 , in THF was added at 30ºC. The concentrations of monomer and rhodium catalyst were 0.500 M and 0.005 M respectively. The reaction mixture was stirred at 30ºC for 4 hours. Next, the resulting polymers were diluted in CH 2 Cl 2 and precipitated in a large amount of methanol, centrifuged (twice) and re-precipitated in hexane and centrifuged again.
The response of poly-(S)-2 to the external stimuli such as solvents, metals and temperature have already been published. 1
Monomer Mass(mg) THF(µ µL) Et 3 N (µ µL) Catalyst(mg) Yield (%)
Poly-(S)-2 100 1000 5 2 92
Poly-(S)-3 100 1000 5 2 93
Poly-(S)-4 100 1000 5 2 85
The cis stereoregularity of the polymers was determined by 1 H NMR spectroscopy ( Figure S4a , c, e) where the vinyl proton resonates at 5.8 ppm,
and by Raman resonances ( Figure S4b , d, f). The peak at 1610-1570 cm -1 is assigned to C=C bond stretching in the cis poly(acetylene) and overlaps with that of the phenyl ring. The peak at 1350-1340 cm -1 is assigned to the cis C-C bond coupled with the single bond connecting the main chain and the phenyl ring. The peak at 1010-960 cm -1 is assigned to the C-H bond deformation of the cis form ( Figure S4 ). S10 Figure S4 : 1 
GPC studies
GPC data were obtained in a HPLC Alliance 2695 with a UV-2489 detector (Waters). The samples were eluted using three Phenogel columns connected to each other with stationary phases of 10 3 , 10 4 and 10 5 Armstrong and packed with a solid support of a cross-linked styrene and p-divinylbenzene copolymer.
For GPC data of the polymers in this manuscript, see Table S1 . 
Helical polymer metal complexes of poly-(S)-2
Three different structures were obtained during these studies depending on the amount of the cosolvent. Thus, titrations of poly-(S)-2 with LiClO 4 solutions (different concentrations and cosolvents) were performed.
Helical inversion (Helix II-Complex I)
• CD/UV studies and 7 Li NMR 
Helical inversion

Li +
MeOH ratio= 1/ 0.5/ ≤133 (mol/mol/mol). Both carbonyl groups, amide and ester, increase their degree of association and a helix inversion was observed by CD ( Figure S9 and Table S2 ). 
Helical inversion and compression (Helix III-Complex II)
• CD/UV studies and 7 Li NMR During the titration of the polymer with LiClO 4 solution, an unexpected helical structure was observed when the amount of the cosolvent was increased with a poly(S)-2(mru)/MeOH ratio= 1.0/ 278-326 (mol/mol). The left-handed helical S17 structure was recovered, but in this case the helix obtained was very compressed with ap conformations at the pendants ( Figure S10 ). 5 
ATR/ FT-IR studies
A solution of LiClO 4 (50.0 mg/mL) in CH 3 OH was added to a solution of poly-(S)-2 in CHCl 3 (2.0 mg/mL). The mixture was allowed to react for 5 minutes without stirring. FT-IR experiments show that, after that a specific amount of MeOH was added in a poly-(S)-2(mru)/Li + /MeOH ratio= 1.0/ 0.5/278 (mol/mol/mol), only the amide group increases its degree of association due to the chelation with Li + ions. The interaction with the ester group was disrupted ( Figure S11 and Table   S3 ). 
Helical stretching (Helix IV-Complex III)
• CD/UV studies and 7 Li NMR Finally, the addition of a larger amount of MeOH to helix III -ap conformationwith a poly-(S)-2/Li + /MeOH ratio=1.0/0.5/>380 (mol/mol/mol) produces a structural elongation (helix IV) and recovers the starting helical conformation.
The Li + ion is still coordinated to the ester group at the pendant moiety ( Figure   S12 ). (mol/mol/mol), only the ester group increases its degree of association ( Figure   S13 and Table S4 ). 
Helical polymer metal complexes of poly-(S)-3
Similar studies were carried out for poly-(S)-3. The results are analogous to those obtained with poly-(S)-2, due to the structural similarity between both polymers.
Helical inversion (Helix II-Complex I)
• CD/UV studies and 7 Li NMR (mol/mol/mol), the amide and ester carbonyl groups increased their degree of association and a helix inversion was observed by CD (Table S5 ). 
Helical inversion and compression (Helix III-Complex II)
• CD/UV studies and 7 Li NMR (Table S6 ). 
Helical stretching (Helix IV-Complex III)
• CD/UV studies and 7 Li NMR Finally, the addition of a large amount of cosolvent (MeOH) to the solution of poly-(S)-3(mru)/Li + /MeOH up to a 1.0/0.5/≥330.0 (mol/mol/mol) ratio, caused an elongation in the helical structure. Helix IV was obtained, and the initial CD signature was recovered. However, the metal ion is still coordinated to the ester group in the pendant moiety between two neighbouring pendants ( Figure S16 ). (mol/mol/mol), only the ester group increases its degree of association (Table   S7 ). In order to demonstrate that the four states are obtained from poly-(S)-(2 or 3)
by the combination of dynamic coordination chemistry and cation-π interactions, analogous studies were performed using a different and appropriate PPA. In this case, we choose 4-ethynylbenzamide L-alanine methyl ester M4 as monomer because the pendant group in poly-(S)-4, although structurally close to those found in poly-(S)-(2 or 3), lacks their aryl groups (i.e., Ph, Bn), that have been replaced by a methyl group (Figure 17 ).
Figure S17:
Structures of M4 and poly-(S)-4.
Helical Inversion (Helix II-Complex I)
• CD and 7 Li NMR studies Analogous experiments were performed for poly-(S)-4 to confirm the absence of cation-π interaction. CD studies were carried out by titration of poly-(S)-4 with which confirmed the absence of cation-π interaction as expected due to the absence of an aryl ring at the backbone moiety ( Figure S18 ). [3, 5, 6] (sp) (Table S8 ). 
Helix inversion
Helical Inversion (Helix IV-Complex III)
• CD and 7 Li NMR studies
The addition of a large amount of MeOH to the polymer solution up to a poly-(S)-4(mru)/Li + /MeOH ratio= 1.0/0.5/>300.0 (mol/mol/mol) produced another helical inversion and the recovery of the starting helical structure (adopting a sp1 conformation). Helix IV was obtained without going previously to helix III due to the absence of the aryl ring at the pendant group and therefore, without cation-π interaction, although the metal ion is still coordinated to the ester group ( Figure   S19 ). (Table S9 ). 
Control experiments
Control experiments were performed in which methanol was also added to the polymer in CHCl 3 both alone and before lithium ( Figure S20 ). The latter results were similar to those obtained with the previous addition order. The experimental conditions (concentration, etc.) are as those shown in Section 3. 
